Ureaplasmas isolated from sheep and goats were compared by immunofluorescence with antisera prepared in calves and by PAGE of polypeptides labelled by growth in the presence of [ 35S]methionine. The ovine and caprine strains constituted two groups defined by serology and polypeptide composition that were not related to the animal species from which they originated. Strains representing these two groups were compared with Ureaplasma urealyticum (human isolates) and U. diversum (bovine isolates). They could not be classified with either but were more similar to the U. diversum strains.
INTRODUCTION
Ureaplasmas, mycoplasmas possessing urease, were initially isolated from man. Amongst human isolates a number of distinct serotypes exist which are at present included in a single species, Ureaplasma urealyticum (Shepard et al., 1974; Robertson & Stemke, 1982) . DNA homology studies (Christiansen et al., 1981) and comparisons of polypeptides by PAGE (Howard et al., 1981; Mouches et al., 1981) have indicated that strains representing these serotypes comprise two clusters.
Isolates from cattle, the second animal species from which ureaplasmas were isolated (Taylor-Robinson et al., 1967) are also serologically heterogeneous. Studies in which rabbit antisera prepared against various strains were used in several tests, including metabolism inhibition, growth inhibition and immunofluorescence, indicated that bovine ureaplasmas existed as three clusters of similar, cross-reacting, but not identical strains (Howard et al., 1975 (Howard et al., , 1978a . These bovine isolates appeared serologically distinct from U . urealyticum, the human isolates, and have also been reported to be distinct from ureaplasmas isolated from dogs , cats (Kotani et al., 1980a) , sheep and goats (Kotani et al., 19806) and nonhuman primates (Ogata et al., 1981) , although it is possible that internal antigens common to the genus exist (Nagatomo et al., 1980; Stemke & Robertson, 1981) .
Isolates from cattle have also been shown to be distinct from strains representing U.
urealyticum by comparing guanine + cytosine (G + C) content of DNA (Howard et al., 1974, 19786) and polypeptides by PAGE (Howard et al., 1981 ; Mouches et al., 198l) , and it has been proposed that the bovine isolates should be considered as a second species of the genus Ureaplasma, U. diversum (Howard & Gourlay, 1982) . Serological studies of ovine ureaplasmas by a complement-killing test utilizing rabbit antisera indicated a large number of serotypes (Livingston et al., 1978) . Other studies with rabbit antisera employed in metabolism-inhibition and growth-inhibition tests resulted in ovine and caprine isolates being divided into two serological groups not related to the species of origin (Kotani et al., 1980b) , and distinct from human or bovine strains.
It has been suggested that, with bovine isolates, antisera produced in calves were less discriminating than rabbit antisera and that bovine strains fell into three serogroups (Howard & Gourlay, 1981 were similar to those of bovine strains but distinct from the values found for human isolates (Howard et al., 1978b) . The aim of this study was to compare certain ovine-caprine ureaplasmas with the bovine strains by serology, employing antisera produced in calves, and by analysis of polypeptides by PAGE to examine the relationship between ovine-caprine isolates and U. diversum and to determine whether the ovine-caprine isolates could be grouped in a similar manner to the bovine ones. Table 1 were grown in either U4 broth or solid medium as described previously (Howard & Gourlay, 1981) . All were cloned by picking single colonies at least three times after filtration (450 nm pore size; Millipore).
METHODS

Ureaplasma strains. The strains listed in
Serological tests. The immunofluorescence test was that of Rosendal & Black (1972) with modifications as previously reported (Howard & Gourlay, 198 1) . The titre of an antiserum was taken as the reciprocal of the highest dilution that produced fluorescence with fluorescein-coupled rabbit anti-bovine serum (Nordic Immunology) diluted 1/10 in PBS (0.15 M-NaCl,O.Ol M-PO,; pH 7.2). In some cases, agar-blocks with colonies were incubated under 1 % (v/v) Triton X-100 in PBS for 3 min at room temperature and washed three times with PBS before proceeding with the standard immunofluorescence test (Stemke & Robertson, 198 1) .
For the metabolism inhibition test (Purcell et al., 1966) antisera were diluted in microtitre trays in 25 pl volumes of U4 broth. Broth containing 5% (v/v) guinea pig serum (50 p1) thawed once from a stock stored unheated at -70 "C, was added to each well followed by dilutions (25 pl) of the appropriate strain in broth. The titre of an antiserum was taken as the reciprocal of the highest dilution that inhibited an alkaline colour change, due to ureaplasma growth, after incubation overnight at 37 "C.
Antisera. Antisera were prepared in gnotobiotic calves (Howard & Gourlay, 1981) against U. diversum strains A417, D48 and T44, representatives of the three groups within this species (Howard & Gourlay, 1982) , and against ovine strains 0~1 2 0 2 and T515, selected on the basis of a preliminary examination of their polypeptides, which indicated that they were different. Antisera were also made in conventionally reared calves. These were against ureaplasma strain A41 7 (to check that gnotobiotic and conventionally reared animals reacted similarly) and ovine strain 0~6 2 4 , which did not react with antisera to ovine strains 0~1 2 0 2 or T515 in preliminary titrations. Antisera were also prepared in conventionally reared calves against U. urealyticum strains 7 and T960 (serotypes 1 and 8), chosen as representatives of the two clusters of strains evident within this species, and against Mycoplasma arginini (NCTC 10129), selected as a non-Ureaplasma species (control) that grew in U4 broth. Antibodies to these strains were not detected in pre-inoculation serum samples.
PAGE. Polypeptides were labelled by growing organisms in the presence of [ 3sS]methionine and analysed by SDS-PAGE in 10% (w/v) polyacrylamide gels as previously reported (Howard et al., 1981) . Ovine and caprine ureaplasmas 3199
RESULTS
Comparison of ovine-caprine ureaplasma strains by immunofuorescence
Thirteen ureaplasma strains were examined for their reactions with three antisera. Two strains, 0~1 2 0 2 (an isolate from Texas) and T514 (an isolate from Scotland) appeared to be similar and could be grouped together. Of the remaining eleven strains, six reacted with antisera to T515, four reacted with antisera to T515 and Ov624 while one, Ov624, reacted with its homologous antiserum only (Table 2) .
Comparison, by immunofuorescence and metabolism-inhibition, of selected ovine isolates with
U. diversum and U. urealyticurn
Three ovine strains that appeared to typify the serological types of caprine-ovine ureaplasmas were compared with strains representing the three serogroups of U . diversum and two strains representing U. urealyticum serotypes 1 and 8. Homologous titres are shown in Table 3 . All heterologous titres were < 20.
After treatment of colonies with Triton X-100, all of the strains 0~1 2 0 2 , T515, A417, D48, T44, 7, and T960 fluoresced with all seven antisera. Titres ranged from 20 to 640, homologous titres were unchanged by Triton X-100 treatment. The immunofluorescence titres did not enable strains from the same species of animal to be grouped together. Also, no fluorescence was observed with bovine antiserum against Mycoplasma arginini. Thus, the reaction following Triton X-100 treatment appears restricted to the genus Ureaplasma and is not non-specific.
The same strains were also compared by the metabolism-inhibition test (Table 3) . No crossreactions were found between ovine, bovine and human strains. However, differences between the titres of the antisera in the metabolism-inhibition and immunofluorescence test were apparent. In the metabolism-inhibition test the homologous titres against the two human isolates were 2 20480, against the ovine strains they were 2560-5120 and against the bovine strains, 40-80. This was not due to the gnotobiotic status of the animals in which antisera were prepared as a further antiserum prepared against strain A41 7 in a conventionally reared calf also had very little antibody detectable by metabolism inhibition. Furthermore, rabbit antiserum to strain A417 had a homologous titre of 2 20480 and a titre of 320 and 40 to strains D48 and T44, respectively in the metabolism-inhibition test. Thus, no inherent failure of bovine strains to react in this test was evident.
Table 2. Serological characterization of ovine-caprine ureaplasma strains by immunofuorescence
Titres were taken as the reciprocal of the highest dilution that produced fluorescence with fluoresceincoupled rabbit anti-bovine serum (see Methods). Table 3 
Titre with antiserum to: Strain used
. Comparison of' selected ovine, bovine and human ureaplasmas by immunofluorescence and metabolism-inhibition
Immunofluorescence and metabolism-inhibition assays were done as described in Methods. Comparison of ovine-caprine strains with U. urealyticum and U. diversum by analysis of polypeptides by PAGE The polypeptides of strains Ov624, 0 6 9 9 , 0~5 9 6 , T516, and T515 appeared similar when compared on polyacrylamide gels but distinct from ovine strains 0~1 2 0 2 and T514, whose polypeptides appeared similar (Fig. 1). In another comparison, Ovine and caprine ureaplasmas 3201 strains GlOV and G l P were also found to have polypeptides that appeared similar to strains T516, T515 and Ov596 but distinct from 0~1 2 0 2 . The polypeptides of the ovine strains were distinct from those of the two selected U. urealyticum strains 7 and T960. They were also different from strains T44, D48 and A417, representing the three groups of U. diversurn.
DISCUSSION
The ureaplasmas from sheep and goats can be regarded as comprising two serological groups not related to the two species of origin but based on immunofluorescence with antisera prepared in calves. All but two ovine-caprine strains constituted a single large group that reacted with antisera to strains T515 and/or Ov624. The two strains 0~1 2 0 2 and T514 formed a second distinct group. The large group could be subdivided into three, i.e. those strains that reacted with antisera to either strain T515 or Ov624 and those that reacted with both. Polypeptide analysis also indicated that the ovine-caprine strains could be classified into two groups. One consisted of strains 0~1 2 0 2 and T514 and the other of the remaining ovine-caprine strains. Thus, the polypeptide analysis confirms that strains should be grouped in the manner indicated by the serological results. These observations are in agreement with those of Kotani et al. (19806) who used rabbit antisera. They are also analogous to the findings of three clusters of bovine ureaplasmas. With both the ovine-caprine and bovine ureaplasmas these clusters are not entirely homogeneous, strains within them being distinguishable by rabbit antisera and other methods, e.g. the complement-mediated mycoplasmacidal test (Livingston et al., 1978 ; .
The ovine-caprine isolates were serologically distinct from U. urealyticum strains 7 and T960 (serotypes 1 and 8) which were selected as representatives of the two groups within this species. The polypeptides were also distinct. These findings, together with previous observations that the G + C contents of ovine and caprine strains were distinct from the range of values for U. urealyticum (Howard et al., 1978b) , indicates that these isolates should not be classified within this species.
No serological relationship, using the potentially less discriminating bovine antisera, was established between the bovine strains representing U. diversum types A, B or C and the ovinecaprine strains. The polypeptides of the larger group of ovine-caprine strains, represented by strains T515 and Ov624, also distinguished these strains from U. diversum types A, B and C. However, although the polypeptide pattern observed for strains 0~1 2 0 2 and T514 was not the same as those obtained for U. diversum, they appeared to possess some similar-sized polypeptides and the overall impression was that these strains might more closely resemble U . diversum than other ovine-caprine isolates. These observations, together with the previous finding that the G + C contents of the DNA from ovine-caprine strains were similar to those of U. diversum strains (Howard et al., 19786 ) mean that it is not possible to propose that the ovinecaprine ureaplasmas should be regarded as a separate species. Possibly they represent additional sub-group(s) of U. diversum and further tests, for example DNA homology studies, should resolve this.
Previously, it was suggested that bovine antisera were less discriminating, for bovine ureaplasmas, than antisera prepared in rabbits (Howard & Gourlay, 1981) and in order to make a full comparison of the ovine-caprine, bovine and human strains it could be argued that antisera should be made in cattle, sheep, goats and man. Alternatively, as cattle, sheep and goats have an immune system with many common features that is distinct from that of man then it may be that antisera prepared in any of these ruminants might produce similar results.
Calves produced low levels of metabolism-inhibiting antibodies to bovine ureaplasmas, following subcutaneous injections of antigen in oil adjuvant. This is in contrast to the high levels produced against the two U. urealyticum strains and, to a lesser extent, against the ovine-caprine strains. These low metabolism inhibition titres against bovine isolates may be related to ureaplasma pathogenicity and host specificity. Cole & Ward (1973) reported that Mycoplasma arthritidis generated a poor metabolism-inhibiting antibody response in rats and mice compared to other species of mycoplasmas in these animals or to the response generated by M . arthritidis in other animal species. It was suggested that this might be important in the pathogenicity of this mycoplasma and a similar argument could apply to the bovine ureaplasmas.
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